years, and her right ulna was defective. The second case is in a doctor friend of mine, again the right ulna being affected. And the third case, published by Dr. Metcalfe' last year, occurred in a Russian clerk, aged 24 years, in whom both ulnae were deficient.
THESE observations on the teeth in rickets form part of a generat examination of 1,000 school children attending L.C.C. schools in the East End of London. Without entering into the larger results it may be stated that 80 per cent. showed distinct evidence of rickets. In other words, practically all children living under conditions such as prevail in the East End of London have to struggle through a rickety phase of their existence in the first two years of their life, and this struggle leaves its marks in certain definite signs or stigmata which persist during the whole of the child's school career. A special point was that the children were mostly Jewish children. They were purposely taken to show the relationship between nutrition and rickets.
As a rule the nutrition, especially the fat nutrition, of Jewish children is very good, and over 80 per cent. of the children were breast-fed forfrom twelve to eighteen months.
Defect in the calcium metabolism, especially in the laying down of calcium salts throughout the skeleton, is the most prominent feature in rickets, and the one responsible for most of the physical signs which mark the disease. Nowhere is this factor more marked than in the teeth. In rickets caries is exceedingly common, and hypoplasia, or defective calcification of the enamel, is well marked. A hypoplasticcondition of the teeth is characterized to the naked eye by a defective formation of the enamel and frequently stunted growth of the teeth. There may be only a pitting, producing a honeycombed appearance of the enamel, or the enamel covering is slight, and the cutting edge of the teeth presents sharp points, giving a characteristic appearance to the tooth. The defect usually extends from the cutting edge and may, in severe cases, involve the whole crown. As in syphilis, the condition is found typically in the permanent dentition, but whereas notched incisors and the contracted first molars of syphilis are but rarely met with in school children, the hypoplastic teeth of rickets are common. In everyday life one constantly sees these teeth and notes how well they often last. Thus frequently a smoker is seen whose teeth have been worn down in depth, and only short stumpy teeth are left, with a layer of enamel all round the cutting edge and the dentine exposed in the centre of the biting edge.
The calcification of the teeth begins about the fifth month of intrauterine life, and the following diagrams (see p. 85) give the rate of progress of calcification at various periods for both the temporary and permanent teeth.
The only teeth of the permanent set which show any signs of calcification at birth are the cusps of the first molars. Fig. 3 shows the portion of the enamel which has undergone calcification at the end of the first two years of life, and the parts affected by the commonest form of hypoplasia. In the typical form of hypoplasia commonly met with, the teeth affected are the central and lateral incisors, the tips of the canines, and the crown of the first molars. The condition is symmetrical, affecting both jaws. Usually the depth of the defect is greater in the enamel of the central incisors than of the lateral incisors, and it will be noted that the enamel affected is identical with that laid during the first two years. This condition is almost pathognomonic of rickets. Rickets is the only condition which interferes with the deposition of calcium over this prolonged period.
In cases of acute illness, especially fevers, the finger-nails are apt to show grooves marking the state of depressed growth of the cells of the bed of the nail during the progress of the disease. In the case of the teeth, a groove more or less broad, or even a succession of grooves with healthy enamel in between, may mark attacks of grave illness in the child. Frequently without a history, a shrewd guess can be made at the period of occurrence of some serious illness by the part of the enamel of the teeth which is affected. But it is usually a grave and prolonged illness which thus leaves its mark, more especially measles, followed by whooping-cough. Scarlet fever is less likely to have this effect. The internal secretory glands apparently play a large part in the defence of the body during attacks of infectious disease, and probably no gland plays such a large part as the thyroid. The thyroid apparatus, to show the parts affected by commonest forms of hypoplasia.
ju-2 more especially the parathyroid, as pointed out by Loeb, is largely concerned in governing the calcium metabolism of the body, and any depressing cause which makes extra demands on the gland over a prolonged period, when calcium is being actively assimilated and laid down in the bones and teeth, is liable to show itself in defects of the enamel. Hypoplasia due to congenital syphilis is rare, whilst the form due to rickets is exceedingly common among school children. At birth calcification has involved the crowns of the deciduous incisors, the cusps of the deciduous canines and deciduous molars, and the tips of the cusps of the first permanent molars. The portions of the temporary enamel not yet calcified at birth in the temporary set frequently suffer from hypoplasia. Any disturbance in the function of the ameloblasts, the cells which, according to Tomes, either secrete the enamel or in which the calcium salts are deposited, will lead to the enamel being thin in parts and to the lime salts being imperfectly laid down, so that the compact enamel is more easily disintegrated. In other words, the agents which determiine the tendency to decay are those which affect the soft enamel organ in the earliest history of the tooth and not those which affect the enamel after the tooth has been erupted. Ewan Waller holds that alterations in the quantity and quality of the saliva in hypothyroidism are prirhe factors in the causation of decay. Lactic acid produced by fermentation of carbohydrates is generally held to be the chief factor in producing caries. Waller believes that in thyroid inadequacy the parotid saliva is rendered less alkaline, or actively acid, from deficiency of calcium bicarbonate in the saliva, and that therefore -the saliva fails to neutralize the lactic acid. Possibly this is a factor, but the chief factor is probably the manner in which the calcium salts are deposited in the soft enamel organ.
Seafaring communities are said to have good teeth, and this is generally attributed to the action of ozone and pure air. But more likely causes are the favourable conditions under which the children ,of such communities are brought up in early life, as regards fresh air, sunligh-t and ventilation, and the consequent better balance of the internal secretions controlling the processes of growth throughout the body. Professor Keith, in his fascinating book on " The Antiquity of Man" (p. 12), speaking of the Coldrum collection of Neolithic men, draws a comparison between Neolithic and modern man as regards their teeth: "Amongst modern Kentish folk, as is the case all over modern Britain, there is a tendency to crowding and irregularities of the teeth; the palate and jaws do not grow and expand sufficiently in youth to give room for a symmetrical eruption of the teeth. . . . The nose is narrow and the palate contracted, and its vault is high. The teeth are not worn down as in Neolithic men; they are very liable to be attacked by caries. The front teeth, when the jaws are closed, do not meet edge to edge as in primitive races; like the blades of scissors, they overlap, the lower passing behind the upper. In the Neolithic people all these modern characters are absent. Abscesses or gumboils at the roots of the deeply ground teeth were, however, common; but there is not a single carious tooth to be seen in the Coldrum collection. The teeth are regular in their arrangement, the palates were well formed, but in actual size the teeth possess the same dimensions as those of modern English people. All these changes, which are appearing in the teeth and jaws of modern British people, arise, we suppose, from the soft nature of our modern diet. We believe that were modern men to resume a Neolithic diet their teeth and palates would again be moulded in the ancient manner."
The difference is, however, hardly capable of such easy solution.
Rickets was probably a disease unknown among Neolithic infants, as is largely the case among native races to-day, notwithstanding frequent privations as regards food. Contrast the life of Neolithic men living under primitive conditions, rising with the sun and going to.rest at sunset, and living in small communities scattered over wide areas, with that of the slum conditions under which so large a proportion of our population lives to-day. It is not a question of food, but of the deprivation of fresh air, exercise and sunlight, which profoundly alters the metabolism of the child and produces aberration in the growth not only of the bones and teeth, but in probably every tistue of the body. Natural selection is not always beneficial in its action. Nature is ever mindful of the continuity of the race, and if the slum-dweller is essential for its continuity an individual capable of adaptihg himself to such conditions will undoubtedly be produced.
In judging of the presence of hypoplasia, it was found practically impossible to make accurate observations on the temporary teeth of infants of school age. Caries wasso universal and extensive that it completely masked the hypoplasia. It was evident that a hypoplastic condition of the teeth was common in the temporary set, and was, in all probability, the chief factor in bringing about premature decay. For the purposes of statistics only the records of the permanent dentition have been taken, and in marking a case as one of hypoplasia, only the severer forms are admitted, and cases of slight pitting, chalky-looking Ju-2a patches in the enamel, and so on have been excluded, although microscopically such teeth would be found markedly defective and liable to disintegration. Of the 586 rickety cases in which a record of the permanent teeth could be taken, 42 per cent. had normal teeth and 58 per cent. had defective teeth; 20 per cent. of these showed hypoplasia frequently combined with decay, and 38 per cent. had decayed teeth. This is not equivalent to saying that 42 per cent. of school. children have normal teeth. As already pointed out, all infants with a record only of temporary teeth have been excluded, because these teeth were so universally decayed as to make accurate observations on the structure impossible. Again, most of the children with records of the permanent teeth were about the ages of 12 or 13 years, when all the permanent teeth have been erupted-except the third molars, and caries has least time to make its appearance. It is a somewhat quaint commentary on the general state of the teeth of the community to have to explain why only 58 per cent. of the individuals are given as having defective teeth. Of the cases with carious teeth, the lower first mnolar was decayed in 80 per cent., the upper first molar was decayed in 30 per cent., one or more lower premolars in 30 per cent., and one or more upper premolars in 12 5 per cent. The incisors, canines, and second molars were seldom decayed. The shape of the incisors and canines must protect them from many of the causes of decay to which the flattened grinding molars are subjected. The lower first molars decay out of all proportion to the others, and their earlier eruption is not a sufficient explanation of this. It is to be attributed rather to the main part of the enamel of the crown having been laid down in the first two years of life, when rickety conditions are operative. Naturally the lower teeth, which lie in the well of the mouth, will suffer more seriously from deleterious influences which surround the teeth.
Even though no macroscopic change indicative of hypoplasia is to be found in these teeth, in all probability their microscopic character is distinctly affected. One practical point may be noted. Frequently on looking into a child's mouth, the two milk molars or the first permanent molar will be seen with blackened exposed dentine and the enamel on the surface of the crown removed. Closer examination will show that these are still effective teeth and that there is no pyorrhcea or gum irritation around them. The surface of the tooth can be freely touched with the spatula. The dentine of the tooth seems to have become consolidated, and usually, though the teeth do not look well, they can be safely left, the process of decay having become arrested. Frequently it is not a process of decay in the ordinary sense, for the thin defective enamel on the surface of the crowns of the grinding teeth can sometimes be seen breaking off in distinct flakes. Again, many of the conditions conducive to rickets are present in the parents of these children, and a priori it might be expected that this would frequently be a congenital defect. In such a case in a certain proportion of children the milk incisors should show hypoplastic changes. The enamel of the crown of the milk incisors begins to be laid down about the seventeenth week, half-way through intra-uterine life, and has progressed to a considerable extent at the time of birth. At birth, half the crowns of the incisors, the tips of the canines and the cusps of the inolars are calcified in the temporary set, and by about six months after birth the calcification of the crowns is completed. Careful search for a hypoplastic condition of the milk incisors during a long period both in school children and in the babies who have attended the Hackney Mothers' Centre has failed to detect a case. It is strong presumptive evidence that rickets is not a congenital condition, and is another instance of the care that Nature takes that, whatever else suffers, the germ at least is protected during the intra-uterine life. If in achondroplasia the milk incisors showed signs of hypoplasia, this would be excellent evidence to link it up as a congenital form with rickets.
A later form of hypoplasia is every now and then seen in which the two premolars and the second molars are affected, whilst the incisors, canines and first molars are not affected. This later form of hypoplasia must be due to influences acting on the child from the second to the sixth year. Association has been recognized between lamellar cataract and hypoplastic teeth. Mr. Norman Bennett collected twenty-two cases of lamellar cataract, all of which showed well-defined hypoplasia in the permanent teeth, and in thirteen cases there was a history of convulsions whilst teething.
DISCUSSION.
Dr. ERIC PRITCHARD: I should like to ask Dr. Dick, as it concerns the paper which I shall read immediately, why he selects the first two years as the particular period in which the conditions exist which he thinks are responsible for rickets; why they should be operative in the first two years, and not subsequently ? I ask, because it seems to me that the children still continue to live under the same bad conditions-bad air, lack of sunshine, and restricted exercise. One would imagine that the same conditions would be 89) operative till at least the seventh year or later, and influence the development of the permanent teeth during the whole of this time.
Dr. J. SIM WALLACE: I should like to remind the author that there have been other papers written on this subject, the authors of which have arrived at very different conclusions from those of Dr. Dick. I allude to such papers as those by Mr. Denison Pedley and Mr. Norman Bennett, and both of them seemed to indicate that rickets and caries are not specially associated. There is much in Dr. Dick's paper into which time prevents me from entering properly. He notes two kinds of hypoplasia, describing one as due to rickets, the other as due to scarlet fever or other severe illness. The author also said that the form due to rickets is very common, and yet there are only about 7 per cent. of children with hypoplastic teeth altogether; and it is generally believed that the majority are due to some of the exanthemata which occur at the time of the formation of the enamel. It seems to me, moreover, that some points have been completely lost sight of in this paper. The author does not seem to have compared the amount of caries of the teeth among rickety children with the amount of caries among those who are not rickety. They are extremely bad in both cases. He leaves out of consideration the temporary teeth, yet the temporary teeth, according to his own observations, are formed before rickets has had time to affect the calcification of the enamel. Nevertheless, at the age of 6 years that is, after the temporary teeth have been but a few years in the mouth-there is an average of six or more decayed teeth in the mouths of all children; and, as a matter of fact, caries is more common and more rapid in temporary teeth than in the permanent ones. Moreover, caries frequently does not affect hypoplastic teeth or teeth due to ricketsif that is the cause. Indeed, it has been a matter of astonishment to dentists that they should so frequently remain free from caries, even though, to outward appearance, they seem insufficiently calcified and liable to decay. Of course, when the pits are deep, so as to induce the lodgment of fermenting carbohydrates, they are specially liable to decay.
Dr. DICK (in reply): With regard to Dr. Eric Pritchard's remark, certainly I think it is agreed by all authorities that rickets is a condition operative chiefly from the third to the sixth month to the end of two years; it is the time when overwhelming growth is going on throughout the child's body. In any infant centre, from the third month in almost all cases, you can make out some signs of deviation in a rickety way. Why they should be affected at that time it is difficult to say, because there are many conditions operative. Taking school children, probably the average family would be six; add the father and m6ther; and, recollect, these usually live in only two rooms. That, I think, is the essential factor in explaining the causation of rickets. These children especially London children, get very little exercise, fresh air, or sunlight, and my opinion is that it produces a strong hypothyroid phase, of which rickets is simply a manifestation. These l)eople say all their children have been like this, but at the age of 5 or 6 years they have improved immensely; that is because, at the later period, the child lives a more independent life, has a greater variety of diet, and there is a more vigorous growth. The mother's milk is probably affected by hypothyroidism, and there is a lack of some internal secretion there. The second speaker (Dr. Sim Wallace) has himself laid down no very definite ideas as to the causation of decay in teeth. I did not say hypoplasia was absent in the temporary teeth; it is markedly present in those teeth. After all, it is only a certain proportion of the enamel of temporary toeth which is laid down at the time of birth. With regard to hypoplastic teeth being sound, that is not reasonable; the good defence of teeth is to have the enamel efficiently laid down. There are various forms of hypoplasia. There are the transverse bands, generally as the result of illness; there is the projecting dentine and thin layer of enamel, and there are the honeycombed and pitted teeth. Dr. Sim Wallace said 7 per cent. showed hypoplasia; I gave about 10 per cent. of all school children showing hypoplasia. (May 26, 1916.) The Treatment of Rickets, based on a New Theory as to the Pathogenesis, with an Illustrative Case.
